The value of traditional interviews in predicting medical school applicants' academic and clinical performance has been questioned, partly because of concerns about reliability. [1] [2] [3] [4] The Multiple Mini-Interview (MMI), in which applicants work through a series of brief, semistructured assessment stations attended by trained raters, was developed in response to these concerns 3 and has been adopted by many medical schools in Canada, the United States, and Australia. [5] [6] [7] Preliminary research suggests that the MMI is well accepted by applicants, 8 is reasonably reliable, and may predict aspects of performance in medical school as well as on preresidency licensure examinations. [5] [6] [7] It is unclear, however, whether certain applicant characteristics predict MMI performance and whether MMI performance influences medical schools' subsequent decisions to extend acceptance offers. Applicant personality may affect both, given that the MMI requires students to engage in a rapid sequence of challenging, moderately stressful situations. Among personality models, research supports the use of the five-factor model (FFM) of agreeableness, conscientiousness, extraversion, neuroticism, and openness in predicting myriad human abilities. [9] [10] [11] [12] [13] [14] [15] [16] Specific abilities related to individuals' personality factor scores include critical thinking, ethical decision making, and interpersonal communication, [17] [18] [19] [20] [21] [22] all of which are purportedly assessed by the MMI. 3 If applicant personality affects MMI performance and also influences decisions to extend medical school acceptance offers, incorporating the MMI into the admissions process may have salutary and detrimental consequences. For example, the MMI may help identify applicants with high levels of conscientiousness, the personality factor that is the most strongly predictive of superior medical school academic performance and clinical performance. 18, [23] [24] [25] [26] [27] However, it may also select for personality factors that are not as consistently linked with superior medical student and physician performance as is conscientiousness. Further, if the MMI were to select for specific personalities, its use could result in the admission of relatively homogeneous medical school classes, which could reduce the diversity of student attitudes, thoughts, and behaviors and decrease opportunities for students to experience personal and professional growth. In addition, personality has been associated with physician specialty choice, 28, 29 so there could be important physician training and workforce implications.
Studies in Canada 30 and Australia 31 have reported mixed findings concerning the relationship of the FFM with MMI performance. As medical school selection processes differ among countries, we analyzed admissions data from one U.S. medical school to explore the Abstract Purpose To examine relationships among applicant personality, Multiple MiniInterview (MMI) performance, and medical school acceptance offers.
Method
The authors conducted an observational study of applicants who participated in the MMI at the University of California, Davis, School of Medicine during the 2010-2011 admissions cycle and responded to the Big Five Inventory measuring their personality factors (agreeableness, conscientiousness, extraversion, neuroticism, openness). Individuals' MMI performance at 10 stations was summarized as a total score. Regression analyses examined associations of personality factors with MMI score, and associations of personality factors and MMI score with acceptance offers. Covariates included sociodemographic and academic performance measures.
Results
Among the 444 respondents, those with extraversion scores in the top (versus bottom) quartile had significantly higher MMI scores (adjusted parameter estimate = 5.93 higher, 95% CI: 4.27-7.59; P < .01). In a model excluding MMI score, top (versus bottom) quartile agreeableness (AOR = 3.22; 95% CI 1.57-6.58; P < .01) and extraversion (AOR = 3.61; 95% CI 1.91-6.82; P < .01) were associated with acceptance offers. After adding MMI score to the model, high agreeableness (AOR = 4.77; 95% CI 1.95-11.65; P < .01) and MMI score (AOR 1.33; 95% CI 1.26-1.42; P < .01) were associated with acceptance offers.
Conclusions
Extraversion was associated with MMI performance, whereas both extraversion and agreeableness were associated with acceptance offers. Adoption of the MMI may affect diversity in medical student personalities, with potential implications for students' professional growth, specialty distribution, and patient care.
associations of the five personality factors with MMI performance, as well as the associations of personality factors and MMI performance with medical school acceptance offers.
Method
We conducted this observational study during the September 2010 to July 2011 admissions cycle at the University of California, Davis (UCD) School of Medicine (SOM). We invited all applicants who attended an MMI session during this cycle to participate by completing a questionnaire designed to measure personality factors. The UCD institutional review board approved the study protocol.
Applicant screening
All applicants applied via the American Medical College Application Service (AMCAS). On the basis of application review using criteria that included Medical College Admission Test (MCAT) scores, admissions personnel invited screened applicants to submit a secondary application. Faculty evaluated the completed secondary applications on the basis of MCAT scores, personal statements, extracurricular experiences, and recommendation letters, to select applicants to invite to an MMI session. Each invited applicant self-scheduled his or her MMI session date online; sessions were held from September 2010 through March 2011.
The MMI: Process and scoring
The MMI consisted of 10 individual timed stations, each lasting 10 minutes. Applicants completed 10 stations consecutively; the starting station and station completion order varied among applicants in nonrandom fashion. Before entering the room at each station, applicants had two minutes to read a brief summary of the station's focus. After entering the room, applicants had eight minutes to address the assigned tasks. Nine stations were designed to facilitate assessment of cognitive and/or noncognitive skills in one or more of the following areas: integrity/ ethics, professionalism, interpersonal communication, diversity/cultural awareness, teamwork, ability to handle stress, and problem solving. The 10th station asked applicants to explain their choice to pursue a career in medicine.
Content for most stations was adapted from ProFitHR (Advanced Psychometrics for Transitions Inc., Hamilton, Ontario, Canada; http://www.profithr.com/). Each station was observed by a single trained rater, who had no information regarding applicants' academic or personal backgrounds. Raters from a variety of backgrounds participated, including full-time and volunteer faculty, resident physicians, medical students, nurses, administrative staff, pharmacists, and community members. At some stations, raters interacted with applicants, whereas at others they only observed applicant behavior (e.g., interactions with an actor or another applicant).
At each of the 10 stations, raters scored applicant performance using a four-point scale (range: 0-3 points, with higher scores indicating better performance). For this study, we summed individual station scores to yield a total MMI score for each respondent (range: 0-30). Cronbach alpha for the score in this study was 0.68 (comparable to that observed in other studies), 3, 6 and the average interstation score correlation was 0.18.
Personality factors: Questionnaire and scoring
At the end of each MMI session, all applicants who participated attended a group debriefing meeting led by the associate dean of admissions (M.H.). Immediately following the debriefing, and after the associate dean exited the room, a research assistant asked the applicants to complete a paper questionnaire designed to measure their FFM personality factors. Applicants were informed verbally and in writing that questionnaire completion was voluntary and that their participation decision and (if they participated) their responses would not influence acceptance offers, as selection personnel could not access their responses. They were asked to record their AMCAS identification numbers on the form (but no other identifying information) to allow linkage of their responses with other study variables.
The personality questionnaire we employed was the Big Five Inventory (BFI), a validated measure typically completed in less than five minutes. [32] [33] [34] The BFI consists of 44 statements assessing agreeableness (9 items), conscientiousness (9 items), extraversion (8 items), neuroticism (8 items), and openness (10 items). Table 1 summarizes the dispositional tendencies associated with high and low levels of these personality factors and provides example statements from the BFI scales measuring each factor. 16, 33 Respondents indicate their degree of disagreement or agreement with each statement using a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). Sixteen items are reverse coded before scoring. For each respondent, we averaged the scores across all items related to each personality factor to yield a mean factor score (range: 1-5, with higher scores indicating higher levels). Cronbach alphas in this study were as follows: agreeableness, 0.80; conscientiousness, 0.82; extraversion, 0.88; neuroticism, 0.81; and openness, 0.75.
Other measures
We defined acceptance offers (versus not) as official offers to attend the medical school extended by the dean of admissions after considering all application materials, MMI performance, impressions from small-group meetings with applicants, and selection subcommittee recommendations.
In addition to MMI scores, the admissions office provided us with information extracted from AMCAS applications regarding the following characteristics: age; sex; self-identified race, ethnicity, and disadvantaged status; state of residence; cumulative grade point average (GPA); and MCAT scores. The admissions office provided these data to the research assistant in an electronic spreadsheet that identified applicants only by their AMCAS numbers. The research assistant added BFI data and, to maintain anonymity, replaced AMCAS numbers with unique study identification numbers before sending the data file to the study investigators for analysis.
Data analysis
We analyzed the data using Stata version 11.2 (Stata Corporation, College Station, Texas). We employed the chi-square test (for categorical variables) and t test (for continuous variables) to compare characteristics of respondents who were offered acceptance with those who were not.
We employed two linear regression models to examine associations between respondent characteristics and total MMI score (the dependent variable). The first model included the following covariates: age (19- We employed three sequential logistic regressions to model medical school acceptance (acceptance offer versus not), the dependent variable. The first model included the same covariates as the first linear regression, the second model added score on each of the five personality factors (by quartile, with the lowest quartile as reference), and the third model added the MMI score.
To examine the additional contribution of the personality factors to an offer of acceptance, we calculated the model area under the receiver operating curve (ROC), or discrimination, for the first and second logistic regression models.
In all analyses, we defined statistical significance as a P value < .05.
Results
Of the 4,792 individuals who submitted an AMCAS application to the UCD SOM in the 2010-2011 admissions cycle, 2,796 (58.3%) were invited to submit a secondary application. Of the 2,482 (88.8%) submitting a secondary application, 517 (20.8 %) were invited to attend an MMI session. Of the 458 (88.6%) participating in an MMI session, 444 (96.9%) completed the BFI and had All items employ a five-point Likert response scale (1 = strongly disagree to 5 = strongly agree). This item is reverse coded before scoring.
complete MMI scoring data. These 444 respondents constituted the analytic sample for this study. Table 2 summarizes the characteristics of the sample by acceptance offer status. Compared with respondents who were not offered acceptance, those who were offered acceptance were statistically significantly more likely to be female and to have higher MMI scores, lower MCAT Physical Sciences scores, and higher extraversion and agreeableness scores (P ≤ .01 for all of these characteristics).
Of the five personality factors, only extraversion was statistically significantly correlated with MMI score (r = 0.35, P < .01). Controlling for all other model covariates, respondents with extraversion in higher quartiles had statistically significantly higher total MMI scores (P < .01 for each of the three higher extraversion quartiles) compared with those in the lowest extraversion quartile. Higher quartile agreeableness, conscientiousness, neuroticism, and openness were not statistically significantly associated with MMI score compared with their respective lowest quartile reference categories. The model R 2 was 5.6% when the personality variables were excluded and 15.2% when they were included. Table 4 presents the results of the three sequential logistic regression models (base model without personality or MMI score, second model adding personality, third model adding MMI score) examining associations of respondent characteristics with medical school acceptance offers. In the second model, controlling for other model covariates, two personality factors were statistically significantly associated with acceptance offers: agreeableness (P = .01, .01, and <.01 for each of the three higher quartiles versus the lowest quartile [reference]) and extraversion (P = .01, .05, and <.01 for each of the three higher quartiles versus the lowest quartile [reference]). Compared with the reference age category (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , and controlling for other covariates, applicants aged 19 to 21 were statistically significantly less likely to be offered acceptance (P = .01). The ROC for the base prediction model, which excluded the personality variables, was 62.2%; it increased to 70.6% in the second model, which added the personality variables. In the third model, which added the MMI score, the statistically significantly positive association of agreeableness with acceptance offers was little changed (P = .04, .02, and <.01 for agreeableness in each of the three higher quartiles versus the lowest quartile [reference]), but extraversion and age were no longer statistically significantly associated with acceptance offers. Higher MMI scores P values for comparisons of those not offered versus offered acceptance (chi-square for categorical variables, t test for continuous variables). Self-identified ethnicity was solely Hispanic or multiethnic including Hispanic. Self-identified race was solely white or multiracial including white. Personality factors were measured using the Big Five Inventory. 33 Higher scores indicate higher levels of each factor. (P < .01), California residence (P = .02), and higher MCAT Biological Sciences scores (P = .01) were also statistically significantly associated with acceptance offers.
Discussion
Our results suggest that applicant personality influences aspects of the medical school admissions process, including performance on the MMI. Among the FFM personality traits, we found only higher extraversion to be independently associated with better MMI performance. Given the dispositional tendencies of individuals with higher extraversion (Table 1) , this finding is consistent with the common characterization of the MMI as a "speed dating" exercise. [35] [36] [37] Two prior studies examining associations between the FFM personality traits and MMI performance had mixed findings. Kulasegaram and colleagues 30 found no significant associations in a sample of Canadian medical school applicants, but only 28% of that study's MMI participants completed a personality measure. This low response rate potentially limits the generalizability of their findings, particularly because personality may influence questionnaire nonresponse. 38 Griffin and Wilson's 31 findings were closer to ours: In their sample of Australian medical school applicants, higher extraversion, agreeableness, and conscientiousness were associated with higher MMI scores. However, the MMI participants in their study were younger than those in our study (they were just completing high school), and younger individuals typically have lower levels of agreeableness and conscientiousness than do older persons. 39 Also, screening for MMI participation in the Australian study hinged solely on cognitive testing results. By contrast, screening of UCD SOM applicants to determine MMI participation included faculty ratings of personal statements, recommendation letters, and extracurricular experiences. Such ratings likely preselect candidates with higher agreeableness and conscientiousness (e.g., team orientation, humanistic qualities).
11
Regarding the relationships of personality factors and MMI performance with acceptance offers, higher agreeableness (scores in the three higher quartiles), and higher extraversion (particularly scores in the highest quartile) were associated with acceptance offers in a model omitting MMI score. After adjusting for MMI score, MMI score was associated with acceptance offers; the association of agreeableness with acceptance offers changed little, but the extraversion association was no longer significant. Thus, higher agreeableness may be advantageous in aspects of the selection process other than the MMI, as noted above, 40 whereas higher extraversion may influence both MMI ratings and acceptance offers.
Though these findings are exploratory and preliminary, they raise questions regarding the use of the MMI in the medical school admissions process. Although we found MMI performance to be associated with extraversion, the relationship of extraversion to medical student and physician performance is unclear. Findings vary regarding the association of extraversion with assessments of student knowledge. 24, 25, 40, 41 For example, poorer test performance among persons with higher extraversion may reflect a tendency to engage in extracurricular activities that detract from studying. 24 In other studies, students with higher extraversion have tended to receive higher ratings of interpersonal behavior on clinical clerkship evaluations. 25, 40 Thus, unsurprisingly, being "socially ascendant, affectionate, and warm" 25 may favorably influence ratings of interpersonal abilities, but the implications for physician competence are unclear. Physicians with higher extraversion might be able to quickly establish rapport with patients and persuade them to adhere to their recommendations, but they might also tend to dominate physician-patient interactions, thereby reducing patient participation and negatively affecting information gathering and diagnostic and therapeutic reasoning. The net effect of higher extraversion on physician behavior requires further study.
Our finding that extraversion was the only FFM trait associated with MMI performance suggests that the MMI process could contribute to reduced diversity of thoughts, attitudes, and behaviors in medical school classes, though this possibility requires further study. This finding, if confirmed by others, could be problematic for two reasons. First, an important aspect of medical training is exposure to viewpoints and ideas that challenge biases and beliefs, which facilitates personal and professional growth as well as learning to work collaboratively with a range of personalities. Second, there is a lack of evidence suggesting that high extraversion is critical for success in medicine. It seems Self-identified ethnicity was solely Hispanic or multiethnic including Hispanic. Self-identified race was solely white or multiracial including white. Personality factors were measured using the Big Five Inventory. 33 Higher scores indicate higher levels of each factor. Although additional research is needed in this area, our findings suggest that wider adoption of the MMI could have unanticipated implications for graduate medical education and physician specialty distribution.
In our study, MMI score was not associated with conscientiousness, the personality factor most consistently found to independently predict performance in medical school and eventual physician practice. Conscientiousness predicts performance on preclinical and clinical evaluations, with evidence of increasing predictive validity as training proceeds. 18, [23] [24] [25] [26] [27] Conscientious individuals possess many of the attributes widely regarded as core attributes of effective physicians, such as attention to detail, follow-through on commitments, and internal motivation (Table 1) . 16 Better MMI performance may not have been associated with higher conscientiousness in this study because the UCD SOM screening process for MMI participation had already selected for conscientiousness. Different findings related to conscientiousness might be observed at medical schools employing different pre-MMI screening processes. It may also be possible to modify MMI elements to further select for conscientiousness, which is another issue for future study.
Future studies should also investigate whether traditional interviews, compared with MMIs, are more, less, or equally likely to favor applicants with particular personalities. The traditional interview process may be less susceptible than the MMI to influence by specific personality factors because of greater inter-interviewer variation in rating criteria and less process standardization. Although concerns exist that such characteristics of traditional interviews reduce their rating reliability, [1] [2] [3] [4] process modifications (e.g., use of structured rating forms, meetings among interviewers to reconcile discrepancies in ratings) may improve their reliability without sacrificing their potential advantages. 43 We believe that such process modifications to traditional interviews merit further study, ideally in randomized trials, as an alternative to adoption of the MMI.
We also found that women, older applicants, and individuals with higher MCAT Verbal Reasoning scores had statistically significantly higher MMI scores compared with other applicants. MCAT Verbal Reasoning scores have been positively associated with interpersonal communication ratings in medical school, 44 and women are more likely than men to communicate in ways that foster rapport building in new social situations. 45, 46 The implications of the latter finding for medical school admissions processes are unclear given that women, once under-represented in medicine, now constitute about half of U.S. medical school matriculants. 47 Lastly, it makes sense that older applicants would have better MMI performance than younger applicants because they are more likely to have had prior life experiences requiring effective communication in high-stakes situations.
Limitations
This study had some limitations. It was observational, so causal associations cannot be inferred. The data were derived from MMI participants at a single medical school during one application cycle. Although the MMI process is fairly well standardized across schools, the content of stations and the rater-training process differ among schools. Thus, it is unclear whether our findings are generalizable to MMI participants at other schools; additional studies, ideally with multiple participating schools, would be helpful in confirming our findings. Although completing the study questionnaire was voluntary and applicants were informed that their BFI personality measure responses would not influence acceptance offers, given the high-stakes nature of MMI participation and medical school admissions, social desirability may have influenced responses to the BFI.
This study also has limitations associated with the use of BFI personality measures. First, BFI norms for medical school applicants have not been published. However, compared with the general population of similarly aged persons, our sample had higher mean agreeableness and conscientiousness scores, similar extraversion and openness scores, and lower neuroticism scores. 39 Relatively high levels of agreeableness and conscientiousness might be expected in medical school applicants-particularly those selected to participate in the MMI using criteria that included reported extracurricular experiences-but our sample's lower neuroticism score suggests some social desirability in responses. Studies in nonmedical fields have also found evidence of social desirability in responses to workplace personality questionnaires, though with minimal effects on predictive validity. 48 In addition, the BFI is not focused on identifying individuals with disordered personalities, which is a matter of clear interest in medical school admissions. Future studies should examine associations of MMI performance and acceptance offers with applicants' scores on measures designed to detect personality pathology.
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Conclusion
In conclusion, we found that of the FFM personality traits, only extraversion was associated with MMI performance. Furthermore, MMI performance, along with higher levels of agreeableness, was associated with medical school acceptance offers. Our findings suggest that applicant personality influences both MMI performance and the medical school admissions process. They also raise the concern that the widespread adoption of the MMI could result in a narrower range of student personalities in medical schools, possibly reducing diversity of thoughts, attitudes, and behaviors among medical students. These observations suggest that there is a need for multischool randomized trials to compare the reliability, predictive validity, and potential unintended consequences of the MMI process with those of traditional interviews.
